Introduction: the mass appeal of Internet gaming
================================================

Internet gaming is a booming market. In 2012, more than one billion individuals played computer games, which fuelled the 8% growth of the computer gaming industry in the same year.[@b1-prbm-6-125] A recent report by the market research company Niko Partners has estimated the People's Republic of China's online gaming market at \$12 billion in 2013.[@b2-prbm-6-125] Massively Multiplayer Online games (MMOs) offer the possibility to play together with many other players and can be differentiated based on game content and player experience. A latent profile analysis of survey data from 4,374 Hungarian online gamers (91% male, mean age 21±6 years) indicated that the most prominent MMOs were role-playing games, first-person shooters, real-time strategy, and other games.[@b3-prbm-6-125] First-person MMO shooter games are based on skill because they require good reaction time and attention, and competition is a key aspect of these games. In real-time MMO strategy games, players organize teams, develop their skills, and play for status in the game.[@b4-prbm-6-125]

Massively Multiplayer Online Role-Playing Games (MMORPGs), on the other hand, appear of particular interest to players because they offer a variety of incentives for play relative to other game genres. Of all online gamers, 46% play MMORPGs,[@b3-prbm-6-125] confirming their position as the most popular online games. MMORPGs are game universes inhabited by thousands of players at the same time (massively multiplayer) with no spatial or temporal boundaries because they are played online, and they allow players to adopt various virtual personas vis-à-vis their avatars (role playing).[@b5-prbm-6-125] Today's most popular MMORPG is "World of Warcraft", the latest game in Blizzard's Warcraft series, situated in the fantasy world of Azeroth that is populated by members of the opposing factions of the Alliance and the Horde.[@b6-prbm-6-125] According to a recent report published by the Entertainment Software Association,[@b7-prbm-6-125] World of Warcraft's extension "Cataclysm" was among the top five selling computer games in 2011. In 2013, eight million players immersed themselves in the world of Azeroth,[@b8-prbm-6-125] clearly demonstrating the game's mass appeal. The game tailors to most age groups, both sexes, and various player interests and preferences,[@b6-prbm-6-125] making it an MMORPG success story par excellence.

Online games such as World of Warcraft satisfy various gaming motivations. The analysis by Yee[@b9-prbm-6-125] of 3,000 MMORPG players' gaming motivations revealed that MMORPGs allow players to achieve game goals, be social, and immerse in the game. Each of these factors is composed of a number of subcomponents as particularized by the gamers. First, achievement includes advancing in the game, namely progressing via leveling up, acquiring status and power in the game, the game's mechanics, including the possibilities for optimizing game play, and competition, including challenging and dominating others.[@b9-prbm-6-125] Reputation and admiration from the gaming community for gaming achievements are further key factors motivating players to keep playing.[@b6-prbm-6-125] The game mechanics or structural characteristics have been claimed to reinforce the potentially addictive qualities of games because they contribute to initiation, development, and maintenance of gaming.[@b10-prbm-6-125]

Second, the social factor is composed of socializing, including chatting and making new friends in the game, forming new relationships, and working in a team.[@b9-prbm-6-125] Research[@b11-prbm-6-125] suggests that the social element in MMORPGs is particularly important for gamers because it is an integral component of the enjoyment of playing. Moreover, it denotes a complex interaction between real and virtual social networks, further blurring the boundaries between these networks, making MMORPGs inherently social spaces.[@b12-prbm-6-125]

Third, immersion in the game is denoted by discovery, ie, exploring the game and "hidden" game content, role-playing via one's avatar, customization of one's online character (such as sex, race, profession, appearance), and escapism, ie, playing in order to avoid real life.[@b9-prbm-6-125] Escapism is an aspect of mood modification whereby individuals suffering from addictions induce a subjective shift in their mood by way of engaging in an addictive behavior, making the latter a coping strategy to deal with everyday problems.[@b13-prbm-6-125]

The variety of gaming motivations satisfied by MMOR-PGs indicates that these types of games are particularly versatile because they can be tailored to individual players with different game preferences. Consequently, one could assume that there are many ways that might lead some individuals to get hooked on MMORPGs. In a sample of 696 MMORPG players (93% male, mean age 26±7.4 years), achievement, socializing, and escapism motivations were found to be predictive of addictive play, together with sex accounting for 19% of variance in the MMORPG addiction score.[@b14-prbm-6-125] Similarly, in a sample of 175 primarily Dutch MMORPG players (87% male, mean age 21±6.5 years), escapism and game mechanics predicted excessive gaming over and above the contribution of the time spent gaming, together explaining 46% of the variance in problematic gaming.[@b5-prbm-6-125] In a nutshell, the mass appeal of MMORPGs rests on their versatility because they are tailored to gamers young and old, male and female, who have different game preferences. MMORPGs are particularly good at meeting various players' different needs. This mass appeal may have contributed to findings from research which indicate that online games, and specifically MMORPGs, are more addictive than any other types of both offline and online games[@b15-prbm-6-125] because they reward players on partial reinforcement schedules, leading to maintenance of play.[@b16-prbm-6-125]

Internet gaming addiction
=========================

In recent years, research about Internet gaming addiction has increased both in quantity as well as in quality. Research on gaming addiction dates back to 1983, when the first report emerged suggesting that video gaming addiction is a problem for students.[@b17-prbm-6-125] Shortly thereafter, the first empirical study on gaming addiction was published by Shotton,[@b18-prbm-6-125] based on self-reports of young male players who claimed they were "hooked" on their games. The early studies suffered from a lack of standardized psychometric instruments used for assessing gaming addiction.[@b19-prbm-6-125] However, research[@b20-prbm-6-125] indicates that self-reports correlate with standardized measures. Following on from that, further studies were carried out in the 1990s, initially assessing gaming addiction based on the criteria for pathologic gambling as stipulated in the third and fourth editions of the *Diagnostic and Statistical Manual for Mental Disorders* (DSM).[@b21-prbm-6-125] Although similar, pathological gambling and excessive gaming do not present with the same clinical picture, and some have argued that using the diagnostic criteria for pathological gambling in order to diagnose pathological gaming only taps into obsessive use and preoccupation rather than actual psychopathology.[@b22-prbm-6-125] In the 2000s, online games became popular, while studies of Internet gaming addiction emerged.[@b23-prbm-6-125],[@b24-prbm-6-125]

The studies on Internet gaming addiction in the new millennium reported prevalence estimates which vary significantly and range from 0.2% in Germany[@b25-prbm-6-125],[@b26-prbm-6-125] to 50% of Korean teenagers.[@b27-prbm-6-125] This discrepancy in estimates is due to various conceptualizations, diverse measurement instruments, as well as the different cutoff points used. Further, dissimilar constructs ("Internet gaming addiction", "dependence", "problematic", and "excessive play") are measured in various samples (children, adolescents, gamers) and cultures. In most studies, self-reports have been used, which puts the reliability and validity of the potential diagnosis in question.[@b28-prbm-6-125] However, research[@b20-prbm-6-125] indicates that self-diagnosis correlates with standardized measures of addiction, suggesting that the individual's perception of problems can be relatively accurate.

In South-East Asian countries, the negative impacts of Internet gaming addiction have led governments and health care providers to take the problem seriously and to develop a series of initiatives to curb and alleviate the problem. In South Korea, Internet gaming addiction is viewed as a significant concern for public health,[@b29-prbm-6-125] and up to 24% of children who have been diagnosed with Internet addiction are hospitalized.[@b30-prbm-6-125] In Japan, the government has recognized the problem following a study by the Ministry of Education, which has led to the development of "fasting camps" where individuals suffering from Internet and gaming addiction are helped by being cut off from technology completely.[@b31-prbm-6-125] It has been stated that the higher the Internet penetration and social acceptance of gaming, the higher the prevalence of gaming problems,[@b32-prbm-6-125] partially explaining the higher prevalence rates reported in South-East Asian countries. In addition to this, there is good reason to think that the lower acceptance of excessive gaming in a culture, the more distress (not less) gamers experience in engaging in the activity, potentially fuelling problem perception. Therefore, a lack of acceptance of excessive gaming and thus stigmatization of the behavior might contribute to higher rates of addiction and problematic play in some way. Following growing concern, specialized treatment centers and programs have been established in Europe (including the outpatient clinic for behavioral addictions in Mainz, Germany, and the Capio Nightingale Hospital in London, UK) and the US (including the inpatient centers RESTART Internet Addiction Recovery Program in Seattle and the recently opened digital detoxification and recovery center in Pennsylvania), reflecting the growing need for professional help.

The concerns appear to be grounded as a growing number of studies indicate that Internet gaming addiction is associated with various negative consequences.[@b15-prbm-6-125] The psychological consequences include the following: sacrificing real-life relationships, other pastime activities, sleep, work, education, socializing, and relationships,[@b33-prbm-6-125]--[@b40-prbm-6-125] obsession with gaming and a lack of real-life relationships,[@b41-prbm-6-125] lack of attention,[@b33-prbm-6-125],[@b42-prbm-6-125] aggression and hostility,[@b42-prbm-6-125],[@b43-prbm-6-125] stress,[@b33-prbm-6-125] dysfunctional coping,[@b33-prbm-6-125],[@b44-prbm-6-125],[@b45-prbm-6-125] worse academic achievement,[@b38-prbm-6-125],[@b46-prbm-6-125] problems with verbal memory,[@b47-prbm-6-125] and low well-being and high loneliness.[@b48-prbm-6-125] Moreover, psychosomatic consequences have been found in a number of studies. These included problems with sleeping,[@b41-prbm-6-125],[@b47-prbm-6-125] seizures,[@b49-prbm-6-125] and psychosomatic challenges.[@b33-prbm-6-125] This long list indicates that Internet gaming problems must be taken seriously as they can affect the individual negatively in a variety of ways.

Internet gaming addiction is a behavioral problem that has been classified and explained in numerous ways. According to Griffiths,[@b13-prbm-6-125] biopsychosocial processes lead to the development of addictions, such as Internet gaming addiction, which include the following components. First, the behavior is salient (the individual is preoccupied with gaming). Second, the individual uses the behavior in order to modify their mood (ie, gaming is used to escape reality or create the feeling of euphoria). Third, tolerance develops (the individual needs increasingly more time to feel the same effect). Fourth, withdrawal symptoms occur upon discontinuation of the behavior (the individual feels anxious, depressed, and irritable if they are prevented from playing). Fifth, interpersonal and intra-personal conflict develops as a consequence of the behavior (the individual has problems with their relationship, job, and hobbies, and lack of success in abstinence). Finally, upon discontinuation of the behavior, the individual experiences relapse (they reinitiate gaming).[@b13-prbm-6-125]

Although the core criteria appear to be established, the etiology of Internet gaming addiction has yet to be studied in detail. Research[@b15-prbm-6-125] indicates that a number of risk factors are associated with Internet gaming addiction. These risk factors include certain personality traits, gaming motivations, and structural game characteristics. The personality traits most commonly associated with Internet addiction include neuroticism,[@b37-prbm-6-125],[@b50-prbm-6-125] aggression and hostility,[@b43-prbm-6-125],[@b50-prbm-6-125]--[@b52-prbm-6-125] and sensation-seeking.[@b43-prbm-6-125],[@b50-prbm-6-125] Factors that appear to protect frequent online gamers from developing problems with their gaming were found to be conscientiousness and extraversion,[@b53-prbm-6-125] suggesting that for different individuals the same behavior can have different psychological repercussions.

In addition to this, the following gaming motivations were found to be most commonly associated with gaming addiction: coping with daily stressors and escapism,[@b5-prbm-6-125],[@b16-prbm-6-125],[@b44-prbm-6-125],[@b54-prbm-6-125]--[@b57-prbm-6-125] online relationships,[@b16-prbm-6-125],[@b51-prbm-6-125],[@b57-prbm-6-125]--[@b59-prbm-6-125] and mastery, control, recognition, completion, excitement, and challenge.[@b34-prbm-6-125],[@b56-prbm-6-125],[@b60-prbm-6-125] This indicates that the reasons for game play may be an important indicator of potential risk for Internet gaming addiction. Specifically, in comparison with non-MMORPG players, MMORPG players preferred their online friends over their real-life friends.[@b16-prbm-6-125] Similarly, significantly more dependent gamers were found to prefer spending time with their online friends than their offline friends relative to nondependent gamers and felt their social needs were met better online than offline.[@b44-prbm-6-125] Moreover, while online games provide nonaddicted players with satisfaction, addicted players play to avoid dissatisfaction,[@b55-prbm-6-125] which can be an indication of withdrawal symptoms they want to overcome by engaging in gaming compulsively. The motivational differences to play games between dependent and nondependent as well as MMORPG and other gamers appear to be useful clinical information because these motivations can be specifically targeted in treatment sessions. For instance, elements of exposure therapy may be used for the socially fearful in order to decrease discomfort and reintroduce clients to real-life social environments. Also, alternative pastime activities that are perceived as satisfying can be encouraged specifically in group therapy sessions. Encouraging engagement in group sports might satisfy both the need to engage in competitive and satisfying activities and the need to interact with peers in real life.

Moreover, a number of structural game characteristics have been found to increase the risk for developing Internet gaming addiction, namely online relative to offline gaming,[@b61-prbm-6-125] positive reinforcement,[@b62-prbm-6-125] the enjoyment of particular game features, such as adult content, finding rare in-game items, and watching game cut scenes,[@b63-prbm-6-125] and viewing one's virtual persona as better than oneself.[@b64-prbm-6-125] These characteristics indicate that particular games can be more addictive than others,[@b15-prbm-6-125] which appears important for game developers and public prevention campaigns that focus on decreasing risk and raising awareness of potential problems. Prevention campaigns could target school-aged children, teachers, and parents in education settings. They could be based on the principles of providing information and a discussion platform concerning Internet and gaming use and possible negative consequences via psychoeducation, with the ultimate goal of encouraging healthy media use. Success could be determined over the long term using triangulation of data and reports obtained from the targeted populations.

Most reviews to date have primarily focused on specific aspects of Internet gaming addiction, including methods used to assess gaming addiction,[@b65-prbm-6-125],[@b66-prbm-6-125] structural characteristics,[@b60-prbm-6-125] and treatment.[@b67-prbm-6-125]--[@b69-prbm-6-125] In light of this, the aim of this review is to provide an insight into current perspectives on Internet gaming addiction using a holistic approach, taking into consideration the mass appeal of online gaming, the context of Internet gaming addiction, and associated neuroimaging findings, as well as the current diagnostic framework adopted by the American Psychiatric Association.[@b70-prbm-6-125] It is argued that only by understanding the appeal of Internet gaming, its context, and neurobiologic correlates can the phenomenon of Internet gaming addiction be understood comprehensively. An evaluation of the findings will be presented in the overall discussion.

Gaming addiction: context
=========================

Research on gaming addiction has paid little attention to the context of online gaming. However, a few studies have now shed some light on the embedding of Internet gaming addiction in the context of the individual,[@b71-prbm-6-125] the game and gaming environment,[@b6-prbm-6-125],[@b72-prbm-6-125] and the broader framework of culture.[@b73-prbm-6-125] Each of these will be addressed in turn.

Griffiths[@b71-prbm-6-125] provided case study evidence of two young men who spent an average of 14 hours a day playing MMORPGs in order to emphasize that the context of the individual's life is an important factor demarcating gaming excess from gaming addiction. Aged 21 years, unemployed and single, "Dave" reported that gaming had a positive influence on his life because his social life revolved almost exclusively around the game, and playing boosted his self-esteem and gave structure to his everyday life. Dave did not perceive that his excessive gaming impacted upon his life negatively at all. For Dave, his extensive gaming did not lead to significant distress or have a negative impact in his daily life, and therefore his behavior cannot be classified as a condition that would fulfill the requirements of a mental disorder classification as outlined in the DSM-5.[@b74-prbm-6-125] Upon starting a new job and entering into a relationship with a woman he met in-game, his excessive gaming decreased significantly.

The second case reported was that of "Jeremy", a 38-year old financial accountant who was married with two children and experienced detrimental consequences due to his "severe gaming addiction", namely a relationship breakdown, lack of time for family activities, and loss of his job. Moreover, his playing time, craving for the game, and feelings of low mood and anxiety had increased dramatically. He used gaming to escape from his real-life problems and tried to quit on several occasions, but was unsuccessful in staying abstinent. This led to a number of relapse episodes.[@b71-prbm-6-125] The examples of Dave and Jeremy make a compelling case for how the same behavior (namely regular online gaming for excessive periods of time) can have almost diametrically opposed consequences due to different individual contexts, with one experiencing gaming as pleasurable and ultimately beneficial, whereas the other's entire life was negatively affected by his excessive gaming.

In addition to the individual context, the context of the game appears important in determining the extent to which excessive gaming can truly be an addiction.[@b6-prbm-6-125],[@b72-prbm-6-125] Karlsen[@b72-prbm-6-125] conducted 12 interviews with online gamers (75% male, mean age 23±2.4 years) who play World of Warcraft and used virtual ethnography[@b75-prbm-6-125] in order to assess the consequences of their excessive gaming. The results indicated that some of the players experienced behavioral addiction symptoms as specified by Griffiths,[@b13-prbm-6-125] namely salience, mood modification, tolerance, withdrawal, conflict, and relapse, with the latter two demarcating excessive from potentially addictive play. However, rather than advocating current diagnostic frameworks for "pathologizing" gaming, Karlsen[@b72-prbm-6-125] advocates to view gaming excess from the vantage point of game structure and gaming context, including the social practice and cultural meaning of games as well as the individual's connection to the game from the perspective of game and media studies. This understanding entails a move away from the overly simplistic approach of focusing on the psychological rewards that reinforce gaming to include an indepth exploration of gaming motivations, gaming structure and mechanics, as well as the meaning of gaming for the individual.[@b72-prbm-6-125]

Kuss[@b6-prbm-6-125] analyzed online gaming and potential gaming excess by interviewing eleven World of Warcraft players (72% male, mean age 27±7.3 years) and used virtual ethnography[@b75-prbm-6-125] as well as ludology principles[@b76-prbm-6-125] to understand how playing this particular game mirrors participation in popular media culture. In this context, media culture is understood as a flexible and evolving area of engagement that requires active participation. Potential gaming addiction was found to be associated with escapist motivations and in this context gaming was understood as fulfilling a "narcotic" function. The game context gained particular significance in one participant's life because of two features of the game. First, he was able to enact heroic tales through his avatar and faction membership. As a member of the Horde, he fought the opposing faction, the Alliance, and was involved in killing their king, an episode "he would not forget until the end of his life". Second, he was enabled to return to a familiar cultural context by means of his guild which consisted of fellow countrymen, after he had physically migrated to a foreign country. In this way, the provisions of the game (namely participation in the game's narrative,[@b77-prbm-6-125] community, and belonging)[@b78-prbm-6-125] were utilized to a problematic extent, leaving the participant feeling "addicted to wow \[World of Warcraft\]". Eventually, the analysis revealed that the meaning that is attached to the game can lead to excessive play which may cause a retreat from real life.[@b6-prbm-6-125]

Snodgrass et al[@b73-prbm-6-125] surveyed 252 respondents (78% male, mean age 27±9.0 years) using Yee's[@b9-prbm-6-125] motivational factors achievement, social and immersion to assess problematic MMORPG play in World of Warcraft from the perspective of culture under the supposition that gaming allows for formation of communities and cultures.[@b12-prbm-6-125],[@b79-prbm-6-125],[@b80-prbm-6-125] The cultural context situates the individual and his potentially addictive game play (assessed using Young's Internet Addiction Test)[@b81-prbm-6-125] within the framework of commonly shared beliefs and practices.[@b82-prbm-6-125] Snodgrass et al[@b73-prbm-6-125] used an anthropological approach focusing on meaning, practice, and experience, mirrored in their understanding of gaming motivations and problematic play. They found that achievement motivation may lead to problematic play if players are less successful in real life (ie, less "culturally consonant") and use game success to compensate,[@b73-prbm-6-125] causing stress and negative health outcomes.[@b83-prbm-6-125] In terms of social motivation, the extent to which online relationships gain significance over offline relationships was analyzed[@b73-prbm-6-125] because research indicates that lack of cultural consonance regarding social networks impacts negatively upon health.[@b84-prbm-6-125] Regarding immersion, the amalgamation of online and offline life and identities was assessed,[@b73-prbm-6-125] because association of the self with the game and the avatar could lead to dissociation.[@b85-prbm-6-125],[@b86-prbm-6-125] The results indicated that game play in World of Warcraft mirrors cultural models of success regarding objectives and responsibilities, indicating that the game world can in some ways substitute the real world. Moreover, the culturally sensitive motivations achievement, social and immersion significantly predicted problematic MMORPG play if they were incongruent with real life, that is, if the game was used to compensate for lack of success and relationships in real life, and to dissociate from real life.[@b73-prbm-6-125]

Taken together, the individual, game, and cultural contexts appear to have a significant impact upon the extent to which problems occur as a consequence of excessive gaming in terms of how Internet gaming addiction is conceptualized. In this way, the cultural context can be seen as a lens through which individuals and others around them perceive and give meanings to behaviors and their consequences. It is critical to understand gaming problems not only by means of the observable symptoms, but to situate them within the broader context of the game, the individual, and culture.

Gaming addiction: neuroscience
==============================

In the last decade, psychiatry has increasingly made use of neuroscientific evidence to understand and conceptualize mental disorders.[@b87-prbm-6-125] The major funding body for mental health research, the National Institute of Mental Health, has recently introduced research domain criteria to reclassify mental disorders as based on neuroscience and shared underlying pathophysiology rather than the more subjective approach of phenomenology and clinical presentation that has been utilized previously.[@b88-prbm-6-125] The ultimate aim is to improve the reliability and validity of clinical diagnosis and accordingly to deliver optimal treatment.[@b89-prbm-6-125] In accordance with this approach, research on Internet gaming addiction is now increasingly making use of neuroimaging techniques to allow for analysis of neurobiological changes due to excessive gaming and neurochemical correlates of addiction.[@b90-prbm-6-125]

Some studies have shown that changes in brain activity and structure related to addiction are relevant for brain regions involved in reward, motivation, and memory, as well as cognitive control.[@b91-prbm-6-125] It has been hypothesized that initially the prefrontal cortex and ventral striatum are involved in the decision to initiate the addictive behavior. Over time, the individual habituates to the behavior and develops a compulsion to engage in it, which is accompanied by alterations of activity in the dorsal striatum as it becomes activated through dopaminergic innervation. There is some evidence for the idea that dopamine is released.[@b92-prbm-6-125] The longer the engagement continues, the more permanent the changes in the dopaminergic pathways become. It has been suggested that activity in the anterior cingulate, orbitofrontal cortex, and nucleus accumbens is modified in such a way that natural rewards are experienced as less pleasurable, further reducing control over the behavior.[@b93-prbm-6-125],[@b94-prbm-6-125] Research suggests that over time, synaptic activity is reduced, leading to long-term depression and neuroadaptation,[@b95-prbm-6-125] as well as behavioral sensitization. The synapses in the ventral tegmental area become stronger, glutamate in the nucleus accumbens is reduced, and activity in the amygdala and hippocampus (related to memory) is increased, which can in turn result in craving[@b91-prbm-6-125],[@b96-prbm-6-125] and increased response to the availability and particular context of the addictive behavior.[@b93-prbm-6-125],[@b97-prbm-6-125] Some studies have shown that the addictive behavior becomes associated with these cues through activity in the nucleus accumbens, which reinforces the effects of the behavior.[@b98-prbm-6-125] With time, tolerance to the addictive behavior develops and natural rewards are depreciated, resulting in a reward system deficiency and activation of the antireward system.[@b99-prbm-6-125] The consequent lack of dopamine in mesocortical brain regions can lead to withdrawal symptoms, and in order to overcome these, renewed engagement in the addictive behavior ensues, and may ultimately impact upon the functions of the orbitofrontal cortex and cingulate gyrus.[@b91-prbm-6-125],[@b100-prbm-6-125],[@b101-prbm-6-125]

Over the last decade, a number of neuroimaging techniques have been applied to Internet gaming research, allowing for an analysis of addiction correlates regarding both brain function as well as brain structure. Electroencephalograms measure brain activity via changes in voltage in the cerebral cortex via electrodes,[@b102-prbm-6-125] and were used in six studies of Internet and gaming addiction.[@b103-prbm-6-125]--[@b108-prbm-6-125] Positron emission tomography measures neuronal metabolism through photons from positron emissions via positively charged electrons.[@b109-prbm-6-125] Two studies[@b110-prbm-6-125],[@b111-prbm-6-125] made use of positron emission tomography to measure Internet and gaming addiction. Like positron emission tomography, single photon emission computed tomography measures metabolic activity in the brain at the level of individual photons,[@b112-prbm-6-125] and was applied in one study of Internet addiction.[@b113-prbm-6-125] Eight studies[@b114-prbm-6-125]--[@b121-prbm-6-125] used functional magnetic resonance imaging to measure changes in blood oxygen levels in order to indicate brain activity in individuals with Internet and gaming addiction.[@b122-prbm-6-125] Finally, structural magnetic resonance imaging uses methods such as voxel-based morphometry[@b123-prbm-6-125] and diffusion-tensor imaging[@b124-prbm-6-125] to image brain morphometry,[@b125-prbm-6-125] and was used in two studies[@b126-prbm-6-125],[@b127-prbm-6-125] in order to assess Internet addiction.

A systematic review of all Internet and gaming addiction studies using neuroimaging methods until 2012[@b90-prbm-6-125] revealed that Internet gaming addiction appears similar to other addictions, including substance-related addictions, at the molecular, neurocircuitry, and behavioral levels. From a molecular perspective, gaming results in the release of striatal dopamine.[@b111-prbm-6-125] On the other hand, it has been suggested that, in small samples, Internet and gaming addiction is associated with a reward deficiency whereby dopaminergic transporters in the brain are reduced.[@b110-prbm-6-125],[@b113-prbm-6-125] In order to reinstate a biochemical equilibrium,[@b99-prbm-6-125] individuals whose reward system is deficient seek substances and activities which result in the release of dopamine. Under normal circumstances, pleasure drives (including eating and reproduction) are natural rewards that are craved, whereas unnatural rewards include psychoactive substances and addictive behaviors.[@b128-prbm-6-125] Over time, the individual habituates to the hedonic feelings produced by Internet gaming and develops abstinence symptoms, tolerance, and withdrawal.[@b129-prbm-6-125] Internet gaming addiction is initiated and maintained.[@b90-prbm-6-125] The decreased dopaminergic transporters in Internet gaming addiction may explain its frequent co-occurrence with depression,[@b130-prbm-6-125] bipolar disorder,[@b131-prbm-6-125] and borderline personality disorder and dissociative symptoms.[@b132-prbm-6-125]

With regards to neural circuitry, when gaming, brain areas associated with addictions are frequently utilized and therefore the activity in regions such as the orbitofrontal cortex and cingulate gyrus is high, which over time can lead to significant alterations in neuronal connectivity[@b114-prbm-6-125],[@b116-prbm-6-125],[@b118-prbm-6-125],[@b119-prbm-6-125] and brain structure.[@b115-prbm-6-125],[@b126-prbm-6-125],[@b127-prbm-6-125] Internet gaming becomes increasingly salient and individuals lose control over their gaming.[@b90-prbm-6-125] The individual is immanently motivated to play online games as they have learned the behavior, eventuating in continuous engagement.[@b133-prbm-6-125]

In terms of behavior, excessive Internet gaming can result in problems with impulse control, behavioral inhibition, executive functioning, attention, and general cognitive functioning.[@b103-prbm-6-125],[@b104-prbm-6-125],[@b107-prbm-6-125],[@b115-prbm-6-125],[@b126-prbm-6-125],[@b127-prbm-6-125] However, there are plus sides as well, in that the frequent gamer develops and improves a number of other capabilities, namely the integration of perceptual information into the brain and hand-eye coordination.[@b118-prbm-6-125],[@b120-prbm-6-125]

Taken together, research on Internet gaming addiction has made use of various neuroimaging techniques in order to shed light upon the neurochemical and neuroanatomic correlates of addiction. Although in most studies the direction of the relationship has not been investigated (ie, it is unclear whether Internet gaming addiction causes changes in brain structure and activity or vice versa), the current evidence suggests a relationship between brain alterations and Internet gaming addiction. Neuroimaging studies of Internet gaming addiction contribute to the current understanding of addiction as based on a disease framework.[@b128-prbm-6-125],[@b134-prbm-6-125] This indicates that, similar to cardiovascular diseases, lifestyle (ie, excessive gaming) can result in changes to underlying neurobiology. Moreover, the utilization of sophisticated imaging methods in Internet gaming addiction research is in line with research domain criteria,[@b88-prbm-6-125] which makes a significant contribution to our understanding of Internet gaming addiction as a chronic neurobiological disease requiring professional care and adequate treatment.[@b135-prbm-6-125]

Gaming addiction: clinical diagnosis
====================================

Following nearly two decades of research, the American Psychiatric Association has now officially recognized Internet Gaming Disorder as a condition that requires consideration by clinicians and researchers. In June 2013, Internet gaming disorder appeared in the appendix of the updated version of the *Diagnostic and Statistical Manual for Mental Disorders* (DSM-5) for the first time.[@b70-prbm-6-125] It stands alongside the only other behavioral addiction, ie, pathological gambling, situating it clearly within the diagnostic category of Substance-Related and Addictive Disorders. Internet gaming disorder has pulled ahead of other behaviors that can become addictive, such as exercise,[@b136-prbm-6-125],[@b137-prbm-6-125] work,[@b138-prbm-6-125] and shopping.[@b139-prbm-6-125]

Up until now, researchers have understood Internet addiction or Internet gaming addiction as similar to either impulse control disorders in general or pathological gambling specifically,[@b140-prbm-6-125]--[@b142-prbm-6-125] substance dependence,[@b33-prbm-6-125],[@b38-prbm-6-125] or a combination of the two.[@b143-prbm-6-125],[@b144-prbm-6-125] This has led to the development of multiple psychometric instruments, each measuring different aspects associated with Internet gaming problems and addiction.[@b144-prbm-6-125]--[@b153-prbm-6-125] The multiplicity of conceptualizations used for Internet gaming addiction have led to a diagnostic conundrum leading some researchers to question its existence,[@b29-prbm-6-125] and have called for commonly agreed upon criteria which increase reliability across studies and advocate adequate and efficacious treatment.[@b15-prbm-6-125]

Under the new DSM-5 framework, Internet gaming disorder refers to the "persistent and recurrent use of the Internet to engage in games, often with other players, leading to clinically significant impairment or distress as indicated by five (or more) \[criteria\] in a 12-month period".[@b70-prbm-6-125] The diagnostic criteria are a preoccupation with gaming, withdrawal symptoms, tolerance (ie, spending more time gaming), lack of control, loss of other interests, use despite negative consequences, deception, mood modification, and losing a relationship, job, and similarly important aspects of life.[@b70-prbm-6-125] From a public health perspective, an official diagnosis of Internet gaming addiction is necessary for a number of reasons. First, it will encourage individuals who suffer from associated symptoms to ask for professional help, decreasing morbidity rates, hospitalizations, and potential legal and medical problems.[@b30-prbm-6-125] Second, the diagnosis may decrease barriers to care and stigmata with regards to public perception of problematic Internet and gaming use. Third, the diagnosis will support research efforts.[@b134-prbm-6-125] Fourth, a diagnostic category will provide the necessary incentive for health care and insurance providers to develop, test, and finance adequate treatment. Ultimately, individuals who require professional care because of substantial distress, suffering, and individual impairment must be helped in an appropriate way.[@b74-prbm-6-125] Accordingly, an official diagnosis of Internet gaming addiction is critical for a number of reasons, further emphasizing the need to fully acknowledge and utilize it.

Discussion
==========

The aim of this review was to provide an insight into current perspectives on Internet gaming addiction using a holistic approach encompassing gaming appeal, context, neuroimaging research, and the diagnostic framework adopted for Internet gaming addiction. It has been shown that Internet gaming has gained increasing popularity since the new millennium, and has led to a substantial growth of the gaming industry and the player fan base. MMORPGs have further been highlighted as offering a wide variety of incentives for players to initiate and maintain playing because they satisfy a variety of needs and tailor to various gaming motives relative to alternative online game genres. Some of these motives, especially escapism, the game's mechanics, achievement and socializing have been found to be indicative of gaming addiction,[@b5-prbm-6-125] suggesting that MMORPGs are more addictive than other offline and online games.[@b15-prbm-6-125]

This review further shows that until now few studies have investigated the gaming context. Therefore, the context of the individual, the game and gaming environment, and the broader framework of culture are specifically addressed. It has been shown that the individual's context is a significant factor that marks the dividing line between excessive gaming and gaming addiction.[@b71-prbm-6-125] Moreover, it has been emphasized that gaming cannot simply be medicalized if done in excess, but it must be understood from within the context of gaming and the meanings the individual attaches to it.[@b72-prbm-6-125] The game context can gain particular importance for players, depending on their life situation and gaming preferences, including the enactment of heroic tales as well as the re-embedding in a (virtual) cultural context that differs from the players' real-life context. Ultimately, this may lead to a retreat from real life for some individuals.[@b6-prbm-6-125] In addition to this, the cultural context is significant because it embeds the gamer in a community with shared beliefs and practices, endowing their gaming with particular meaning. If gaming is used to compensate for lack of success and relationships in real life and to dissociate from real life, Internet gaming addiction can be the consequence.[@b73-prbm-6-125] In this context, the "disease" model of addiction can be viewed from the perspective of diseases other than those based on Mendelian genetic mutations or other simple biologically determined pathways. Cardiovascular diseases or adult onset diabetes appear as better models/prototypes for Internet gaming addiction, because these are medical conditions where lifestyles and experiences systematically reshape the body and thus "get under the skin". That is, the cultural context can become the disease (here addiction) through repeated experiences. Alternatively, cultural norms related to how acceptable game-play is might structure the appeal of the game, which in turn promotes addictive play patterns, which would not be the case in places without such norms.

The cited neuroimaging studies of Internet gaming addiction and associated changes in brain structure and function furthermore correspond with the research domain criteria developed by the National Institute of Mental Health[@b88-prbm-6-125] because they emphasize a move away from phenomenology to focus on pathophysiology for clinical diagnosis. Internet gaming addiction was found to share similarities with other addictions, including substance dependence, at the molecular, neurocircuitry, and behavioral levels. These similarities include altered dopaminergic and neuronal activity and brain morphometry, as well as deficient impulse control, behavioral inhibition, and general cognitive functioning. However, there are no known biomarkers of Internet addiction at this point in time. Indeed, there are no known biomarkers of any mental disorder. Ever since Kraepelin,[@b154-prbm-6-125] and thus for a century, psychiatrists have been searching to understand mental disorders as underlying physiological diseases, providing an additional incentive to continue research on the neurobiological underpinnings of mental health problems, including Internet gaming addiction.

The findings provide support for the current perspective of understanding Internet gaming addiction from a disease framework.[@b128-prbm-6-125],[@b134-prbm-6-125] The dependence classification adopted in previous classification systems[@b74-prbm-6-125],[@b155-prbm-6-125] is stigmatizing to patients who require medication because dependence refers to a normal physiological response to the use of a substance (including medication) which, when discontinued, can lead to withdrawal symptoms.[@b74-prbm-6-125] The term addiction, on the other hand, denotes a chronic neurobiological disease,[@b135-prbm-6-125] which is less stigmatizing because it does not suggest that patients who require medication become "addicted" to their required psychopharmacological treatment.[@b156-prbm-6-125] Addiction, unlike dependence, leads to compulsively pursuing rewarding behaviors irrespective of associated biological, psychological, and social problems.[@b135-prbm-6-125] Ultimately, the current research base on Internet gaming addiction has led the American Psychiatric Association[@b70-prbm-6-125] to include Internet gaming disorder in the appendix of the DSM-5 as the second behavioral addiction alongside pathological gambling, suggesting that the problem is taken seriously. The benefits of such a diagnosis include comparability across research, destigmatization of individuals, development of efficacious treatment, and creation of an incentive for public health care and insurance providers. Once the behavioral problem has an official code, it is worthy of being taken seriously and treated adequately.

However, research concerning the natural course of Internet gaming addiction, the most appropriate interventions, and large-scale epidemiology is scarce,[@b157-prbm-6-125] suggesting that more work needs to be done to understand this behavioral problem more fully. King and Delfabbro[@b158-prbm-6-125] further question the blurring of the boundaries between Internet addiction and video gaming addiction, as this may "promote further confusion". Instead, they advocate a conceptualization of Internet addiction which incorporates various subtypes of online behavior, and establishing a diagnostic category of "video gaming disorder" which applies to both online and offline gaming addiction. Ultimately, however, King and Delfabbro[@b158-prbm-6-125] concede that the research diagnosis has sparked discussion regarding the nature of behavioral addictions, which testifies to a move away from acknowledging substances only as potentially addictive, and to broaden our understanding of addiction in general.

Moreover, there appear to be problems with regards to the criteria for Internet gaming disorder adopted by the DSM-5 taskforce. Starcevic[@b29-prbm-6-125] points out that there exists a debate of whether tolerance is a valid criterion as researchers have validated scales on problematic video game use[@b159-prbm-6-125] and compulsive Internet use[@b160-prbm-6-125] that do not contain tolerance as a symptom, and some question whether tolerance is a factor involved in gaming.[@b44-prbm-6-125] This exemplifies the intricacy of measuring Internet gaming addiction, particularly in light of the reliability of studies as well as the equivalence of findings across studies. Based on these issues, Starcevic[@b29-prbm-6-125] recommends the following research approaches: understand when online gaming can be considered a mental disorder; study risk factors and comorbidities, and its position as primary or secondary condition; test a continuum of video gaming problems and video gaming disorder; and revisit its classification as "addiction" rather than an impulse control disorder.[@b161-prbm-6-125] Moreover, Pies[@b134-prbm-6-125] specifies further that only if the following criteria are satisfied, the condition would qualify to be understood as disease: identify a pattern of genetic transmission; understand its etiology, pathophysiology and/or pathological anatomy; and its course, prognosis, stability, and response to treatment. The current review indicates that research on Internet gaming addiction is on its way to fulfilling these requirements. In terms of understanding the context of Internet gaming addiction, more research is necessary.

Limitations, implications, and suggestions for future research
==============================================================

This review has shown that research on Internet gaming addiction has increased in quality and quantity, particularly over the last decade. Future research is required to overcome the limitations of current research, including closer scrutiny of gaming context (including the individual, game, and culture) and the direction of the relationship between Internet gaming addiction, as well as neuroanatomical and neurochemical changes. Specifically, the following research question requires further exploration: How do individual, game-related, and cultural factors contribute to the etiology, phenomenological experience, and treatment approaches of Internet gaming addiction? Furthermore, the causality of the relationship between neurobiological alterations and neurostructural abnormalities and Internet gaming addiction symptoms should be explored. The further exploration of these issues will enhance our understanding of this potential mental health concern. Moreover, a solid and unequivocal research base will enable the American Psychiatric Association and the World Health Organization to include Internet gaming addiction as an actual diagnosis in their diagnostic systems, which will in turn facilitate future research endeavors as well as clinical parlance.

The context appears crucial to the meaning of the game for the player, and is influenced by individual characteristics, the gaming culture, and the broader society that gamers are situated in. Ultimately, this will allow for developing treatment approaches which can be tailored to different individuals and meet idiosyncratic needs most effectively. The reviewed literature can inform procedures for improving the current treatment of Internet gaming addiction because it puts an emphasis on exploring the life and cultural context of the individual. In terms of neuroimaging studies, the reviewed empirical research has revealed associations between excessive online gaming and alterations in brain structure and function associated with substance addictions. However, understanding the direction of this relationship is crucial because it will provide invaluable insights into the etiology of Internet gaming addiction as well as its status as a primary or secondary disorder. In terms of treatment, establishing the treatment seeker's most pressing present problem will allow an efficient and efficacious treatment plan to be developed and structuring of treatment sessions. Overall, this literature review suggests that targeting pathogenic neurobiological mechanisms and associated neurological and neurochemical alterations only does not suffice when the clinician's goal is to alleviate the individual's idiosyncratic problems. It indicates that Internet gaming addiction must be viewed from a holistic perspective, integrating the neurobiological, individual, game-related, and cultural factors contributing to pathogenesis and symptom experience.

Conclusion
==========

The present review of current perspectives on Internet gaming addiction has shown that research has progressed significantly over the last decade, leading to a larger evidence base which includes important findings from neuroimaging research. Further, it indicates that contextual factors play an important part in our understanding of Internet gaming addiction as a holistic phenomenon. It is suggested that an official diagnosis of Internet gaming addiction must regard embedding of the problematic behavior within the context of the individual, the game, and gaming practices, as well as the broader sociocultural environment as the meaning of the gaming behavior derives from its context. The holistic approach adopted here not only highlights empirical research that confirms neurobiological correlates of Internet gaming addiction and establishment of a preliminary diagnosis, but also emphasizes the need for an indepth understanding of meaning, context, and practices associated with gaming. Ultimately, a holistic understanding will benefit individuals who seek professional help for problematic online gaming as treatment approaches become more targeted and consequently more efficacious.
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